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Abstract 
A Cb-lZr lithium-boiling potassium test loop was operated for roughly 1000 h 
at temperatures up to 19000 F. Observations made during a scheduled shutdown 
indicated no corrosion of the potassium section of the loop and only superficial 
erosion as a result of low-vapor-quality operation. 
No mass transfer was observed in either loop. Superficial etching was observed 
in the hot areas of the lithium system. Carbon transfer occurred in both loops 
and nitrogen transfer was detected in the lithium system. 
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Effects of Lithium and Potassium on a 
Cb-lZr Rankine Cycle Test Loop 
I. Introduction 
A two-loop lithium-boiling potassium facility has been 
constructed and is under test at the Jet Propulsion Labo-
ratory (JPL) to simulate the major elements and working 
fluids of a two-loop, nuclear, turbo-plant concept of in-
terest for spacecraft propulsion. 
The primary objectives, during the operation of this 
facility, are 
(1) To investigate transient and steady-state character-
istics of a two-loop, Rankine cycle, alkali metal 
system and to attempt to correlate observed dy-
namic behavior to analog simulation studies. 
(2) To determine local and overall boiler heat-transfer 
coefficients and two-phase boiler pressure drops 
as a function of mass flow rate, potassium vapor 
quality, and saturation temperature in axial-flow 
and cross-flow liquid-metal boilers. 
(3) To undertake studies of boiling stability as a func-
tion of pertinent thermal and hydraulic parameters. 
(4) To study specific component performance.
The loop was not designed as a life test facility or as 
a corrosion test, although this report discusses the corro-
sive effects observed after a scheduled shutdown. An 
isometric diagram of the loop is shown in Fig. 1. The 
primary working fluid, lithium, is circulated by a cen-
trifugal pump which employs a combination recircula-
tion and liquid-level-indicator sump. Flow from the 
pump proceeds through an electromagnetic flowmeter, 
then through the boiler. After that, about 107o of the 
lithium flow passes through a bypass line to a yttrium-
gettered hot trap which is located in the coolest part of 
the system to minimize mass transfer effects. The flow 
then enters the primary heater, which is a direct current 
resistance-heated helical coil, after which it is returned 
to the pump inlet. 
The secondary working fluid, potassium, enters a 
countercurrent annular-flow boiler, and exits through a 
flow orifice first to the turbine and then to a radiating 
condenser. The potassium exits from the condenser sub-
cooled, flows in turn through an electromagnetic pump, 
an electromagnetic flowmeter, a preheater, a full-flow 
zirconium-gettered hot trap, and a throttle valve, and 
then returns to the boiler inlet. 
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The loop is contained in a main enclosure vessel that 
is 5 ft in diameter by 7 ft long; the condensing radiator 
and fill and dump system are contained in auxiliary en-
closures. The system is operated in a recirculating argon 
atmosphere slightly above atmospheric pressure. Make-
up argon has an oxygen-vapor and water-vapor content 
of about 1 ppm each. 
The Cb-lZr containment alloy is protected from these 
impurities by a wrap of zirconium foil against the piping 
and then two outer wraps of tantalum foil. Approxi-
mately 3 in. of Glasrock foamed high-purity silica is used 
for insulation. 
All material that comes in contact with fluids above 
1500°F is Cb-lZr with the exception of tungsten valve 
facings, hot trap getters, and the TZM molybdenum 
alloy turbine wheel. The fill and dump system is con-
structed of types 304 and 321 stainless steel. 
II. Loop Operation 
About 1000 h of loop operation were accumulated, 
including around 200 h of boiling of which about 100 h 
were at full power (30 kW) and at nominal design tem-
peratures (- 1900°F). Approximately 80% of the sched-
uled transient tests were completed. Those transient 
tests involving load perturbations were not concluded as 
the turbine was inoperable. The loop was shut down in 
a routine manner to change the tube-in-tube boiler to a 
cross-flow boiler and disassemble and correct the prob-
lems encountered with the turboalternator. This report 
is concerned with the results of metallurgical evaluations 
of the effects of operation on the loop materials, under-
taken during this scheduled shutdown. Loop operation 
is summarized in Table 1 and detailed in previous JPL 
reports (Refs. 1, 2). 
Ill. Loop Disassembly and Cleaning 
The liquid-metal cleaning operation was accomplished 
by allowing the liquid metal to react with Butyl-
Cellosolve.' This organic solvent was chosen since it has 
been shown to react with an alkali liquid metal in a 
Cb-lZr component without hydriding the columbium. 
'Glycol-monobutyl-ether.
Table 1. Summary of loop operation 
Operation
Time, 
h
Temperature, 
°F
Conditions  
Outgassing 48 400-500 Vacuum in enclosure 
tank 
Instrument calibra- 200 1000-1200 Nominal Li fill, K loop 
tion and liquid, completely filled, A 
liquid data acqui- in enclosure 
sition 
Initial boiling 20 '-1700 20.kW power input 
K level at nominal 
operating level 
Li drain and refill 1 1200 Li loop drained and 
refilled. K loop 
fully filled. Dis-
solve plug in Li 
system 
Boiling 8 1900 Initial boiling at full 
power (30 kW). 
Shutdown because 
of preheater fail-
ure resulting from 
boiling instability 
Restart Repeat of items 1 through 3 
Boiling 200 1900 Full power data 
acquisition 
Shutdown - - Total operating time. 
— 1000 h
The reaction rate appears slightly slower than that of a 
half-and-half alcohol and kerosene mixture used for 
stainless steel parts. In all component cleaning, the vol-
ume of fluid was kept large enough to prevent the tem-
perature of the fluid from rising appreciably. When 
cleaning the radiator-condenser coils and the potassium 
pump, the Butyl-Cellosolve was recirculated through 
these components to minimize temperature rise. After 
complete reaction between the Butyl-Cellosolve and 
liquid metal had occurred, the parts were cleaned in 
alcohol and then water-rinsed. Components and parts of 
the loop to be used again were also pickled to remove 
any surface contamination. 
IV. Metallurgical Examination Results 
No evidence of mass transfer, neither temperature 
gradient nor dissimilar metal type, was detected in any 
part of the loop. Solution corrosion or preferential at-
tack was generally absent or minimal. 
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Fig. 2. Zirconium hot trap from
potassium loop
No visual nor metallographic evidence of corrosion nor 
mass transfer could he detected anywhere in the liquid 
area of the potassium system. The zirconium hot trap is 
shown in Fig. 2. While staining from the liquid-metal 
dissolution process is present, the machining tool marks 
are also still present in their initial sharp configuration 
Fig. 3). The inner surfaces of %-in.-diam liquid potas-
sium lines retained the drawing marks essentially 
unchanged from the as received condition (Fig. 4). 
Metallographic examination confirmed these results 
(Fig. 5). 
During operation, vapor quality was low (55% to 
SO). Parts of the vapor system indicated that erosive 
action had taken place. Since the turboalternator was 
found to be inoperable, the vapor flow was routed 
through the vapor by-pass line, rather than through the 
turbine, for most of the test. The characteristic tube-
drawing marks were eradicated from the tubing in 
this area (Fig. 6). Metallographic sections of this area 
(Fig. 7) indicated a type of surface roughening not 
found in any other part of the loop. A cross section of 
the turboalternator is shown in Fig. 8. 
4	
•'	 ,s' 
Fig. 3. Inner surface of potassium hot trap (X4) 
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Fig. 4. Inner surface of potassium hot trap 
inlet line (X15)
Fig. 5. Metallographic section of hot trap (X 100) 
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Fig. 6. Inner surface of turbine

by-pass line (X 15) 
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Fig. 7. Metallographic section from turbine by-pass line (X 100) 
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Fig. 8. Cross section of turboalternator 
Fig. 9. Inner surface of turbine inlet line (X 15) 
The inlet line (%-in. Cb-lZr) of the turbine displayed 
a definite smoothing of the drawing marks (Fig. 9). The 
nozzles which were machined were still very rough with 
little indication of erosive action (Fig. 10). The potas-
sium which was directed through the turbine passed over 
several blades of the turbine wheel on entry and several 
others on the re-entry pass. The turbine wheel blades 
(TZM alloy) which were in the stream (Fig. 11) were 
no different in appearance than those not exposed to the 
high-velocity vapor (Fig. 12).
The lithium part of the loop did display some slight 
corrosion. The hottest area of the lithium circuit, the 
primary heater coil outlet (Fig. 13), displayed very slight 
preferential etching of grain boundaries. 
The coldest part of the loop, the primary coil inlet 
(Fig. 14), indicated possible, very thin deposits which 
are believed to have precipitated from the lithium dur-
ing cooling, as the loop was not drained for shutdown. 
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Fig. 10. Turbine primary nozzle surface 
Fig. li. Turbine blades in potassium vapor stream 
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Fig. 12. Turbine blades not in potassium vapor stream 
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Fig. 13. Metallographic section from lithium coil outlet (X 100) 
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Fig. 14. Metallographic section from lithium coil inlet (X 100) 
Fig. 15. Yttrium hot trap from lithium loop 
No evidence of dissimilar-metal mass transfer was de-
tected from the yttrium getter used in the lithium cir-
cuit. When the hot trap was sectioned, the yttrium 
element was intact, although the plates were thinned. 
The thinning would be expected from the solubility 
of yttrium in lithium and the fact that two inven-
tories of lithium were used during loop operation. The
hot trap is shown in Fig. 15. Disintegration of the 
yttrium element took place during reaction of the lithium 
with Butyl-Cellosolve. 
V. Chemical Analysis Results 
Sections from both hot and cold parts of both loops, 
as well as alkali metal samples, were submitted for analy-
ses. The results of these are shown in Table 2. Some ob-
servations can be made from these data. 
(1) An increase in hydrogen content on the outside 
diameter of the potassium vapor system which was 
attributed to a Dowtherm coolant leak during 
initial operation of the system. The leak was sub-
sequently repaired. 
(2) An increase in oxygen content on the inside diam-
eter of the potassium vapor system. This would be 
predicted on a thermodynamic basis and probably 
took place during the all-liquid part of the oper-
ating cycle. 
(3) Variation of the oxygen content on the outside 
diameter of the tubing as a function of location. 
The high oxygen and nitrogen of the cold part 
of the lithium system would indicate contamina-
tion from residual impurities in the argon cover 
gas, possibly as a result of ineffective wrapping of 
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Table 2. Chemical analysis results 
Element 
Sample
C, pp- H. ppm N, pp- 0, ppm Zr, % 
Typical as 50 5 50 250 0.90 
received tubing 
K vapor line OD 55 84 140 50 0.88 
K vapor line core 23 17 160 210 0.94 
K vapor line ID 23 18 160 340 0.90 
K liquid line 00 96 41 70 280 0.89 
K liquid line core 95 43 70 210 0.87 
K liquid line ID 68 40 80 750 0.89 
Li heater outlet 
OD 93 2 30 90 0.49 
Li heater outlet 
core 56 4 30 160 1.36 
Li heater outlet 
ID 82 10 40 560 1.11 
Li heater inlet 00 46 ' 540 740 0.90 
Li heater inlet 
core 26 350 690 0.90 
Li heater inlet ID 259 1 150 660 1.01 
K, after test' 88 - 215 <10 <10 ppm 
Li, after test' 19-80 - 2200 700 0.02 
'This section of tubing was cleaned by reaction of Li with water to deter-
mine the extent of H pick-up. Typical numbers were 500 ppm. 
'Cb was estimated at 0.1%. 
'Cb, 500 ppm; Yt, 4.8%.
this area with the protective foil. Oxygen content 
of the potassium liquid system would also indicate 
external contamination. 
(4) Carbon transfer from the hot to the cold part of 
both loops in the system was indicated. This effect 
was also observed at the Oak Ridge National Lab-
oratory (ORNL) in its lithium loops, but not in 
potassium loops (Ref. 3). 
(5) Nitrogen transfer also occurred in the lithium sys-
tem; this also agrees with the ORNL data. 
The increase in oxygen and carbon content in the 
lithium system can be attributed to the design of the cen-
trifugal pump. The pump operates with an argon cover 
gas, which contains trace impurities, over the molten 
lithium. In addition, the shaft is sealed with a rotary 
carbon face seal. Wear occurred during operation which
offered the possibility of carbon particles dropping into 
the molten lithium. 
The lithium loop was shut down by shutting off the 
heater power and pumping and allowing the lithium to 
solidify in place. Thus the columbium, zirconium, and 
yttrium contents should be representative of the solu-
bility of these elements at the 1900-2200°F range. Both 
the columbium and zirconium contents of the lithium 
were considerably above the solubility data available 
(Ref. 4). 
The columbium .content of the potassium was also far 
in excess of available solubility information (Ref. 5); the 
zirconium level was near or below available data. High 
impurity levels of oxygen and nitrogen in the lithium 
may have contributed to increased solubility of zirconium 
and columbium in the lithium. The impurity levels in 
the potassium, however, were very low. A possible ex-
planation would be a retention of columbium particles 
in the flow stream which were produced by erosion. 
VI. Microhardness Results 
The results of microhardness measurements (Table 3) 
generally confirm the chemical analysis results. The 
lithium coil inlet was the hardest of the four samples 
and had the highest nitrogen content. In addition, the 
hardness across a section of the tubing wall varied with 
nitrogen concentration. 
Table 3. Microhardness test results 
Knoop Hardness Numbers Distance from 
ID, in. Li coil inlet Li coil outlet K liquid line K vapor line 
0.002 137 132 159 139 
0.010 137 148 155 140 
0.020 136 149 141 134 
0.030 146 148 159 - 
0.040 169 149 168 139 
0.050 208 140 176 - 
0.060 233' 128' 186' 127 
0.080 - -
- 119 
0.100 - -
- 106 
0.120 - - - 138' 
10.022 in. from OD.
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The temperature of exposure appears to be second to 
nitrogen content in its effect on hardness; the sample 
from the liquid part of the potassium system, the coldest 
part of the test loop, was the hardest of the remaining 
three samples. Variation of oxygen content appeared to 
have some correlation with hardness across a single 
sample, although this variation was small. 
VII. Summary 
Test loop operation for roughly 1000 hours at tempera-
tures up to 1900°F produced no corrosion in the potas-
sium section of the loop. Superficial erosion occurred in 
some areas of the vapor part of the potassium loop as a 
result of a low-vapor-quality (< 80%) operation. 
Corrosive attack of the lithium system was also mini-
mal despite high impurity levels in the lithium.
The zirconium hot trap proved effective in maintain-
ing low impurity levels in the potassium with no evi-
dence of dissimilar-metal mass transfer. 
No dissimilar-metal mass transfer was observed in the 
lithium system as a result of the yttrium hot trap. The 
trap was not effective in maintaining a low level of im-
purities. This could be the result of several factors: the 
low operating temperature of the trap, low surface area, 
continual addition of impurities to the system, and the 
solubility of yttrium in lithium which could result in 
Y203 particles being retained in the lithium stream. 
Preferential segregation of impurities in the colum-
bium was observed. Carbon was transferred to the cold 
areas of both loops and nitrogen was transferred to the 
cold part of the lithium loop. No preferential segregation 
of nitrogen occurred in the potassium loop and oxygen 
transfer was not effected by either alkali liquid metal. 
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